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ATC SIMUUTION OF HELICOPTER IFR APPROACHES INTO MAJOR TERMINAL AREAS 


USING RNAV, MLS, AND CDTI 


Tol} jLdS y 11 * Q» I • X4 » 


Peach, F. M. Willett, Ji*.,* anti P. J. O'Brien* 


Ames Research Center 


SIMIARY 


The introduction of independent helicopter IFR routes at hub airports has 
been investigated in a real-time air traffic control system simulation involv- 
ing a piloted helicopter simulator, computer-generated air traffic, and air 
traffic controllers. The helicopter simulator was equipped to fly area navi- 
gation (RNAV) routes and Microwave Landing System (MI^S) approaches. Problems 
studied included! (1) pilot acceptance of the approach procedure and tracking 
accuracy; (2) ATC procedures for handling a mix of helicopter and fixed-wing 
traffic; and (3) utility of the Cockpit Display of Traffic Information (CDTI) 
for the helicopter in the hub airport environment. Results indicate that the 
iielicopter routes were acceptable to the subject pilots and were noninterfer- 
ing with fixed-wing traffic, Merging and spacing maneuvers using CDTI were 
successfully carried out by the pilots, but controllers had some reservations 
concerning the acceptability of the CDTI procedures. 


INTRODUCTION 


At present there is a lack of instrument-approach procedures specifically 
designated for helicopters operating in major terminal areas. The helicopter 
must use the same Instrument Landing System (ILS) approach as that designated 
for fixed-wing aircraft. Because of the differences in speeds between heli- 
copters and fixed-wing aircraft, this technique causes large average separa- 
tions and high controller workload. 

However, capacity must be increased and controller workload decreased if 
the ATC system is to handle the anticipated growth of helicopter operations 
in major terminals. According to current forecasts, the total U.S. civil 
helicopter fleet is expected to total some 20,000 by 1990 at an annual growth 
rate of 12 to X5% (ref. 1). Within this total, business/corporate helicopters 
will increase at an expected annual growth rate of 15 to 20% to about 5000 by 
1990. During this same period, business/corporate operators are expected to 
exceed 4000 and commercial helicopters are expected to reach 10,000 with about 
3000 operators. 

The projected increased number of helicopters, coupled with the ineffi- 
ciency of handling mixes of helicopter and fixed-wing aircraft on the same 
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approach, invites consideration of techniques and procedures that result in 
Independent, noninterfering Instrument Flight Rules (IFR) npproachoa for lieli- 
copters Into major terminal areas. At the some time, such techniques should 
not add significantly to the controller workload, at least under low and mod- 
erate helicopter traffic conditions. A candidate procedure investigated 
Imreln is an area navigation (RNAV) approach which transitions to a Microwave 
handing System (MI^S) for the final approach course to a landing pad at a high- 
density airport. It has been generally agreed that UNAV and MI^S are comple- 
mentary navigaKlou/landing systems that could onliance the safety and 
efficiency of the terminal area operations while reducing controller and pilot 
workload (ref. 2). 

Three major problem areas relating to this procedure were InveBtlguted : 
(1) pilot aciceptauco of procedures and tracking accuracy for bellcopter 
instrument approaches using RNAV and MI.S at nuijor terminal areas; (2) air 
traffic control procedures and controller acceptance of handling helicopter 
traffic In addition to conventional traffic, and reducing the minimum separa- 
tion between helicopters flying the bellcopter approach routes from 3 nm to 
1.5 nm; and (3) the potential uses of a Cockpit Display of Traffic Information 
(GDTI) in a helicopter cockpit. The reason for including the third objective 
is dlHcussed in the following paragraphs. 

Other studies (refs. 3 and 4) are under way to examine the utility of 
CDTI for fixed-wing aircraft. However, the utility of CDTI for helicopters 
needs to be examined separately, particularly in a major terminal area envi- 
ronment. Independent helicopter routing in major terminal areas will confine 
helicopters to airspace unused by fixed-wing traffic. The improved situa- 
tional awareness provided by CDTI may be helpful to the pilot under these 
circumstances. In addition, the helicopter operates at lower speeds than 
fixed-wing aircraft and thus it might be easier to accomplish spacing and 
merging operations from the cockpit. Hence, an examination of a CDTI-equipped 
helicopter was Included as part of the study of helicopter operations at major 
terminals . 

The study is part of a Joint program of real-time simulation studies 
using facilities at tiie National Aeronautics and Space Administration (NASA) 
Ames Research Center and the Federal Aviation Administration (FAA) Technical 
Canter, Atlantic City, New Jersey. Previous study areas in the joint program 
have included fuel-conservative approaches, such as delayed flap and profile 
descents and time-controlled guidance (ref. 5). 

Tills study was conducted in June 1980 at Ames by using a piloted heli- 
copter simulator and an Atr-Traffic-Control (ATC) simulation. FAA Technical 
Center personnel participated in the experiment design (ref. 6) and evalua- 
tion of results. In addition, the Technical Center provided controller sub- 
jects. In the following paragraphs the simulation facilities, the scenario, 
and the test conditions are described. Results corresponding to the three 
objectives are presented, followed by conclusions. 
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SlMUIiATlON FACILITIES 


Tho simulation facility ia illustrated in figure 1; It lucludos two air 
truffle controller positions, eoch having its own color computer grupliics 
display. In this study, one wan designated approach control and the other, 
final control. In proximity to the color displays, there was a keyboard with 
which ATC display related requests were entered into the conti'oller displays 
and the simulation computer; such inputs included changing the leader length 
or the position of an aircraft identification tag; transferring an aircraft 
between control sectors; or stopping and restarting the flow of traffic at 
tlje feeder fixes. The helicopter simulator, located in an adjacent room, was 
driven by its owit digital computer. Controller clearances to the pilot wove 
transmitted via voice link and the helicopter position was transmitted via 
data link to the ATC-slmulation computer. Air traffic, in addition to the 
helicopter piloted simulator, was required in order to provide a realistic 
workload for the controller. Tills additional traffic consisted of computer- 
genorated aircraft. These aircraft would respond to traffic clearances that 
were, appropriately coded and entered through the keyboard pilot station. 

The helicopter simulator had a cockpit configured as a Bell UH-IH 
(fig, 2). The pilot's displays (fig. 3) included an electronic multifunction 
display (MFD) In addition to the standard instrumentation. Vertical and lat- 
eral guidance and range (DME) Information were provided by the horizontal- 
situation indicator. A detailed description of the cockpit can be found in 
references 7 and 8. During the instrument-approach segments, the generated 
visual scene could display fog to simulate instrument meteorological condi- 
tions (IMG) . At decision height, the simulated fog was programed to dissipate 
so that the terminal area could be seen, A six-degree-of-freedom math model 
controlled the translation and rotation of a video camera located above a 
model terrain board to provide the appropriate visual cues. Navigation or 
altimeter errors were not Included in the simulation. 


SCENARIO AND TE S T CONDITIONS 


The simulated tenninal area is based on the John P. Kennedy International 
Airport (JFK), New York. The route structure and runway configuration inves- 
tigated are shown in figure 4. Conventional takeoff and landing (CTOL) air- 
craft enter the terminal area from one of four feeder fixes, Robbinsville, 
Sates, Micke, or Ellis, and proceed to runway 31R. Missed approaches were 
basically vectored along the dashed flightpath emanating from runway 31R for 
holding; however, before reaching the holding fix, missed approaches were 
normally vectored for a second approach before crossing the Robbinsville 
route. CTOL traffic clearances and controller procedures were in accordance 
with the New York Common IFR Room (CIFRR) procedures as of April 1978. It 
should be pointed out, however, that, because of limitations of tba simula- 
tion capabilities, only two controller positions, an approach and a final- 
control position, could be used. Hence, only a portion of the approach 
cedures were simulated, Specifically, the approach controller handled all the 
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Figure 1.- Simulation facility. 
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nxcil-wlng arrivalK trom KobbimivllU* and Satee, Ho alm> hamlltnl all lu*ll“ 
captor traffic from the foodor fix to the Imllpad. Tin* final controller 
li.nullc*d urrlvaltt from Mlcko ami Kills; ho was also rospimslbh* for all lixod- 
wlnp landings on runway 3lR. Aloo» because of display Umltatiuns, no depar- 
taro l raffle, which uses nmwav UI. In thisi conflguraLlon, was sniulatod. 

One of the helicopter routes, tlenoted as OOP, Is shown In flge.re <t, It 
Is an RMAV route leading to it ;l“um st r.ilght-ln tlnal approach tlnit was flown 
as i» (>“ MLS approach. Tlio foisibllUy of using a 6® approach hud been estab- 
Itshoil In iut earlier study In which MI.S landings were conducted lor a range 
of glide slopes up to 9® (ref. 9). The, hcUp.td was loeatod at what Is pres- 
ently a parking aicii at .IFK; however, the site was selectotl by New York (MI'RR, 
.IFK tower personnel, and FAA lias tern Region personnel as a reasonable candi- 
date location for a helipad. In view ol the control tower, it allows for a 
helicopter-route design that Is nonini erf erlng with fixed-wing traffic flows, 
except for missed approaches that retinlre some eontroLler ae.tlon. The pad 
location also results in reasonably luminterferlng helicopter routes when 
other flxed-wlng runway configurations are in use, although other lauding 
configurations were not examined in this real-time study. The COP route eon- 
neets into the RNAV helicopter route network designed for the Northeast 
Corridor (ref, 10). 

Variables In this eouflguratiou were the arrival rates at the feeder 
fixes lor the CTOI. and helicopter traffic. CTOL arrivals varied from a mod- 
erate rate of 30 aircralt per hour (a/c/hr) to a heavy cate of 35 a/e/hr. 

3’lu* percentages ol arrival aircraft at eadj of the feeders and the distribu- 
tion of CTOL types wi*re based on JFK data. Helicopter traffic was light to 
moderate 8 to 15 hel Icopters/hr . 

There wore other aspects of helicopter oper.it ions at major terminal areas 
that could not be Investigated with the CTOL .md helicopter-route configura- 
tion described previously because of the limited number of controller posi- 
tions. Specifically, tlicse aspects were (1) higher helicopter arrival rates; 

merging ol traflie. from two separate helicopter routes; and (3) rediieed 
minimum-separatlon-d istance requirements between liellcoptei’s. Operations 
under these coudltlons increased the controller workload to the point that it 
w.is not possible wltli only two controller positions to Investigate these 
aiciis and liandie CTOL traffic simultaneously, Accordingly, a second route 
structure for helico|>ters only was also investigated; it is shown in figure 5. 
Neither the helicopter route denoted COP nor the missed approach routes were 
changed. A new lieli<*opter arrival route denoted LKK, which is synunetrlcal to 
the COP x-oute, was added. For this configuration, each of the two eontrollors 
was responsible for one route, and they coordinated their spacing to avoid 
conflict at the 2-nm fix. An arrival rate of 33 hxJllcopiers per hour was 
used, equally distributed between the COP and LEE rouLi‘S, Eepanitlon dis- 
tances of 3 nm and 1.5 nm \\;ere Investigated. 

Four levels of display capability were evaluated in the helicopter simula- 
tions; (1) basic display only; (2) basic display with an electronic area-map 
display; (3) basic display with a cockpit display of traffic information (CDTI) 
in the passive mode; and (^«) basic display with a CDTI in the active mode. It 
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Flpuro 5.- Route- structure for helicopters only. 
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sijmilil b(? iiott'd that the actual display used lur active and p.iaslvi* GDTI in 
the ijanic; however, because pilot procedures differ Cor active and paHsive 01)TI, 
they will he couHidered different modes. The MFD was used tor the area map 
and (UlTI displays. ■ i tlie nrea-nuip mode, the MFD provided a digital display 
ot the airspeed, altitude, and heading of the helieopter and Included a symbol 
reureseivtlng the position of the helicopter as well ns Its trend vector; 
ground track wan superimposed on a horizontal, heading"up, moving map of the 
enroute and terminal areas. The RNAV i^oute structure, waypoints, Ml,S tlnal“ 
approach geometry, and significant terrain features were aluo depicted. 

In addition to this Information, the CDTI display indicated the relative 
position, altitude, heading, and groundspeed of aircraft in close proximity 
to the helicopter. A i-ypleal CDTI display used by the simulated helicopter 
is shown in figure 6. The surrounding traffic was superimposed on the "head” 
ing up" map display, The helleoptor^slmulator posit lou in In the lower center 
of the screen at? shown. The dashed lines enumatlng from the aircraft symbol 
are trend-predictor lines; the dots are past-history Intormation. It can be 
seen irom the figure that the helicopter Is on the (U)I' route and has just 
panned the COF 2 wavpolnt. The present heading of 12“ is provided at the top 
center of .he display. The present altitude of 1200 ft is shown at the top 
right, and the present speed of 95 knots is shown at the top left of the dis- 
play. The sample display shows three other airernft; one aircraft (denoted 
Pi) is following the helicopter simulator along the COP route; the other two 
(with identification tags Al and El), both of which are conventional aircraft, 
are heading for landing on runway 31R. (Up t«> three aircraft were displayed, 
provided they were within 10 nm and 2000 ft oi the simulator cab position.) 

The triangular symbol provides aircraft-position information (actual position 
is in tile center of the triangle), the heudinc. being indicated by the symbol 
orientation. Below the aircraft identification is listed its speed in knots 
and Its altitude In feet. Thus, for example, aircraft Al is Hying at a 
speed of 180 knots and an altitude of 500 ft, 

The CDTI was used in both n passive and an active mode. In the passive 
mode, the pilot monitored the position of adjacent aircraft, and he was 
expected to report any IrreguLaritlos to ATC rather than to initiate any cor- 
rective actions on his own. In the active mode, oper.ttional procodyres wore 
estahllshed between the controller and the helicopter pilot to transfer con- 
trol to the pilot CO perform certain maneuvers. Those maneuvers, illustrated 
In figure 7, are Intrail spacing, merging, and route crossing. In each of 
these ntmevtvers, the helicopter pilot was Insttuctod to fly the helicopter no 
closer than 3 nm from adjacent aircraft. In the intrail-spaclng modo, the 
controller first verified that the pilot had the lead aircraft in sight on 
his CDTI, and tlien he cleared tite helicopter via the COP route to follow the 
lead aircraft. In this case, the pilot was responsible for imtlntaining the 
separ.atiou distance from the lead aircraft, and the controller was respon- 
sible for maintaining the appropriate separation distance from other aircraft. 
At the beginning of the merging mode, the helieopter sinmlator was on the 
helicopter mlssed-approaclv route. After being cleared, it was the responsi- 
bility of the helicopter pilot to proceed from the mls.sod-appronch route and 
merge onto the COP route behind the assigned helicopter. The controller was 
rosponslble for the appropriate spacing of the trailing helieopter traffic. 
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Plfture 7.- CDTI raaneuvers; active niode. 
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Ill n Lliird maneuver, the route-croBsing maneuver, the helicopter was vectored 
off the COP route and cleared to £ly across the COP route between two heli- 
copter targets, which the controller had positioned about 6 nm apart on the 
COP route, 

IVenty-eight data runs wore made, each 70 min long (4 runs/day). Twenty 
runs utilized the CTOL/ho.licopter-route structure shown in figure 4; the 
remaining eight involved only liellcopter approaches, During a 70-min run, 
the helicopter simulator typically flow three approaches. The controller sab- 
jects were FAA research controllers from the PAA Technical Center. Nine heli- 
copter pilots, representing the FAA, NASA, an.l various industrial organiza- 
tions, conducted 127 approaches in the piloted helicopter simulator. Pilots 
made evaluations at the end of each flight and also at the completion of all 
their flights. Controllers completed a questionnaire after each 70-mln run 
and a final questionnaire at the conclusion oi the study. Copies of the ques- 
tionnaires are contained in appendixes A, B, and C. 


RE SLq,TS AND DISCUSSI ON 

PILOT ACCEPTANCE OF APPROACH PROCEDURES AND TRACKING ACCURACY 


Pilo t E valuations of A pproa ch Procedur es 

The evaluation pilots were asked to rate each approach at its conclusion 
by using the pilot rating scale shown in table 1. Numerical ratings from 
I to 10 were assigned to reflect the demands on the pilot and the adequacy of 
the associated system. The pilot ratings were plotted as functions ot the 
four display conf ig-irations tested; results are shown in figure 8(a). The 
means and standard deviations of these ratings are shown in figure 8(b). it 
can be seen that the. means for all four display configurations and the stan- 
dard deviations for the No-Map, Map, and Passive-CDTI display modes fall 
within the range of "minimal" demands on the pilot, whereas the standard devi- 
ation for the Ac l ive CDTl display mode extends slightly into the range of 
"considerable" demands on the pilot. The mean ratings for the No-Map and Map 
display configurations are essentially equivalent. The mean rating for tlie 
Passive-CDTI mode is approximately one-half a pilot rating lower (numerically 
higher) and the mean rating for the Active CDTI mode is approximately one 
pilot rating lower than the mean ratings for the No-Map and Map modes. The 
slight decrease in pilot ratings for the CDTl modes reflects a slight increase 
in pilot scan workload in order to use the additional information being pro- 
vided. However, the pilots commented that they prefer to have the additional 
information provided by the CDTl displays, despite the resultant higher work- 
load, especially in high-density traffic environments. 

On the postf light questionnaire, the evaluation pilots were asked to rate 
the overall pilot workload for the RNAV, the MLS approach, and the missed 
approach phases of the test runs by using a rating scale that ranged from 
"low" to "high," as shown in figure 9. The ratings are in comparison to 
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TABLE 1.- IFR PILOT RATING SCALE 




SYSTEM ADEQUACY 




NEGUGIBU DEFICIENCIES 
NO IMPROVEMENT NECESSARY 


MODERATELY OBJECTIONABLE DEFICIENCIES 
improvements WARRANTED 


SATISFACTORY 


UNSATISFACTORY 


MAJOR DEFICIENCIES 
IMPROVEMENTS F^EQUIRED 


AmCRAFT LOST 


UNACCEPTABLE 


DEMANDS ON PILOT 


MINIMAL 


CONSIDERABLE 


INTENSE 


INDESCRIBABLY 

HIGH 


PILOT 

RATING 

1 

2 

3 


10 


MISSION 

ACCOMPLISHED 

YES 

YES 

YES 


YES 

DOUBTFUL 

DOUBTFUL 


NO 

NO 

NO 


NO 


DEMANDS ON PILOT 


(D 

Z 

cc 


or 

Hi 

S 

3 

2 



INTENSE 


10 


f 

NO MAP 


1 I 

MAP PASSIVE ACTIVE . 

CDT) CDTI 

APPROACH MODE 


(a) Ratings as functions of display configurations. 
Figure 8.- Pilot ratings. 
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(b) Means and siandanl dciatjons of racings. 
PI gu r e 8 . - Conclud ed . 



PHASE APPROACH APPROACH 


LOW 

SLIGHTLY LOW 
AVERAGE 
SLIGHTLY HIGH 
HIGH 


Figure 9.~ Overall piloc-workload rating. 
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Bt:andiU’d approach and misaed approacli procedures. Tlie means and standard 
deviations of the responses are Indicated in the flRure. Pilot responses 
indicated a "slightly low" overall pilot workload Cor the RNAV phase and a 
"slightly high" overall pilot workload for the MLS final approach and missed 
approach procedures. 

The pilots were also asked to i idleate tlie effect of the advanced dis- 
plays on pilot workload for the RNAV, MLS final approacli, and missed approach 
procedures by using the rating scale of; reduced pilot workload, no effect, 
or increased pilot workload, The means and standard deviations for the 
responses to this question are shown in figure 10. Pilot responses with 
regard to the effect of the advanced displays on pilot workload for the RNAV 
segment were evenly distributed with an equal number of responses for "reduced" 
and "Increased" workload, half of the pilots responded that the advanced dis- 
plays had "no effect" on pilot workload during the MLS final approach while 
the remaining pilots indicated fairly evenly mixed responses with a slight 
bias toward the rating of "increased" workload. Six pilots indicated that 
the advanced displays reduced pilot workload during the missed approach 
because of improved situational awareness. One pilot indicated that the dis- 
plays had "no effect," and one pilot Indicated that the displays "increased" 
pilot workload during the missed approach. Pilot comments accompanyt.ig the 
rating.? of "increased" workload indicated that the higher workload resulted 
from the increased scan required to cross-check the advanced displays. Sev- 
eral pilots indicated that the pilot workload on the MI.S final approaelies was 
fairly high, and, therefore, the pilots had little time to scan the advanced 
displays during this segment. 

In general, pilot eomraents concerning the advanced di.splays were very 
favorable. The pilots indicated that they preferred having the additional 
information available, despite a slight increase in pilot workload. 

Till! evaluation pilots were asked to comment on the approach-profile 
parameters used in the simulation. The pilot responses indicated that the 
approach was reasonable. All the pilots rated the 6“ glide slope and the 
200-ft decision height acceptable. The pilots liked the 6“ glide slope and 
had no trouble decelerating to a hover from the 200-ft decision height. 

Airspace limitations at the landing site evaluated during this simulation 
required the transition from RNAV to MLS navigation to take place very close 
to the helipad (2 nm) . Altitude restrictions further complicated the approach 
profile and resulted in a glide-slope intercept within 0.1 nm of MLS localixer 
capture (fig, 11). Seven pilots considered the transition from RNAV to MLS 
satisfactory; one pilot suggested that the transition should be farther away 
from the helipad to allow more time for localizer capture prior to gllde- 
sitipe intercept. Three pilots indicated that there was insufficient time to 
establish localizer tracking prior to glide-slope intercept, and they recom- 
mended a minimum distance of 0.5 to 1 nm between localizer capture and glide- 
slope intercept, The other five pilots considered the distance between local- 
izer capture and glide-slope intercept to be satisfactory, even though most of 
the pilots experienced an almost simultaneous localizer and glide-slope capture 
when they turned onto final approach too early and intercepted MLS closer in. 
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Figure 11.- Helicopter route and CTOL runway configuration. 
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The pilots who consldoi-ed the intetcept distance to be satisfactory Jtuliented 
that, with truininR and advanced preparation, the maneuver could be satisfac'- 
torily accomplished . 

The missed-upproach procedure was a sourt e of some difficulty for the 
pilots because of tiie airspace and hellpad-siie limitations in the terminal 
area simulated. The helipad was located in close proximity to an active run- 
way (31R). Furthermore, the final-approach course of the helicopter was 
directed toward the active runway (fl«. 11). Thus, the approach geometry for 
the helicopter during a missed approach required aa Immediate climbing left 
turn to avoid overflying the active runway. The proximity of fixed-wing-route 
structures in the immediate missed approach area furtlier required that the 
climb during the missed approach be arrested .it 500 ft. Although these missed 
apiiroach procedures were successfully conducLi'd by all except one of the 
pliol.s, the procedures presented problems for some of them. Rome pilots 
tended to initiate their climb while continuing stralghv ahead and then roll 
left to avoid the active runway. One pilot stated that it was difficult for 
him to execute an Immediate climbing left turn at missed approach because "it 
went against most of bis basic training"; the one unsuccessful missed approach 
procedure resulted in an overflight of the active runway as a result of a 
straight-ahead climb before the pilot executed the turn. Several pilots ctnn- 
mented on the low altitude of the missed approach procedure; they found it 
difficult to arrest their climb at .500 ft and would have preferred to continue 
the climb to a higher altitude. The pilots indicated a willingness to conduct 
thl.s maneuver, however, if it improves rotorcraft instrument approaches In 
high density terminal environments. 


T rackin g Performance 

Lateral compo.slte plots of individual approaches for the four display 
configurations evaluated are shown in figures 12(a) through 12(d). (It should 
be noted that only the intrail-spacing mode is^ shown for the active CDTI.) 

The dotted lines on either side of the refereiii'e flightpath represent the 
full-scale course-devlation-lndicator (GDI) limits. The constant width of tlie 
GDI limits along the RNAV portion of the approach corre.sponds to the constant 
lateral course width ('.2000 ft) provided by the GDI during the RNAV approach 
segment. The angular dotted fan emanating from between the runways in the 
terminal area corresponds to the angular MI.,S course width (+5.0'’) provided by 
the GDI during the. MLS final approach. Thus, relative tracking performance 
can be obtained graphically by comparing the composite tracking data with the 
full-scale display limits, as shown by the dotted lines for both tire RNAV and 
final-approach segments. As can be seen from the composite plots, the lateral 
tracking performance is universally good, independent of display configura- 
tion. It should be noted that the data do not include navigation error and, 
therefore, the plots do not represent airspace requirements. Statistical 
data were computed from the lateral crosstrack errors at the COP and COP 2 
waypoints, the 1X47 intermediate 6-nm f.ix, the MLS localizer intercept, and 
at decision height. The mean and two-sigma standard-deviation lateral- 
performanco windows are summarized in table 2 for the four display modes 
tested. The two-sigma lateral-performance windows are well within the GDI 
display limits for all four display configurations. 
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X POSITION, n. mi. X POSITION 


2 



Y POSITION, n. mi. 


(a) No map. 

Fl}>ure 12.- LaLoral tracking performance. 



Y POSITION, n. mi. 

(b) Map only. 
Figure 12.- Continued. 
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TAHLE 2.- lATERAI. APPHOACH WINDOWS AT WAYPOINTS 
AND DECISION HEIGHT 


WAYPOINT 

NO MAP 

,1 ri-wom' w jumm 

MAP DISPLAY 

PASSIVE CDTI 

ACTIVE CDTI 


MEAN LATERAU CROSSTRACK ERROR (ft) | 

COP 

269 

34 

67 

»10 

1x47 

-26 

22 

-37 

-114 

COP2 

194 

177 

161 

-10 

MLS INTERCEPT 

177 

201 

030 

104 

DECISION HEIGHT 

14 

7 

0 

23 


TWO SIGMA STANDARD DEVIATION (*ft) 

COP 

643 

793 

46B 

710 

1 k47 

291 

177 

274 

206 

COP2 

442 

441 

206 

404 

MES INTERCEPT 

689 

621 

600 

700 

DECISION HEIGHT 

o 1 

1 

1 

116 

83 

127 
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VVrtliMl compo'.ite plutH of individual .ipproaohea un* tlu' lour display 
oimiigui’aUona ovaluaiod ai’u ahowi^ in iiBuri-s U(a) tluHmgh U(d)i (It Hluniid 
bi* noted that onlv the liurall-spav ing mode* Is slKwn tor the active CDi’l#) 

'i’lu* dotted linoa on either side ot the reierenoe flig’itpath represent ?he 
tuU-seaie ve.rtical-deviation-indieator (VI)I) limits. The constant wl’th of 
the V.hl limits along the RNAV portion of the approach Ciirresponds to tie full- 
scale vortical display limits (*500 ft) provided by the VDI during the RNAV 
approach vsegment. The angular dotted fan emanating from the reference touch- 
down point corresponds to the angular MI.S vertical course width (*2.0° pro- 
vided by the VIU during the MI.S final approach. Thus, relative traekJ ig per- 
formance can he obtained graphically for the MI.R final-approach data b» 
comparing the curaposito tracking data with the full-scale display limi s, as 
shown by the dotted lines for the MbS final apporach. The vertical-tr icklng- 
perfoiMiumce data for the RNAV approach segment are not easily evaluate I, how- 
ever, as pilots were given the option of either following the VIU guid mce 
between waypoints or descending directly to the next waypoint referenc* alti- 
tude. In any case, tlie RNAV u*ncking workload was considered to be relatively 
light, and the RNAV VUI vertical-displacement limits were sufliclently wide 
Lh.it vertical tracking performance would easily fall within the limits of the 
display sensltlvltv. 

As was the case tor the lateral tracking data, the flnal-appro.ich per- 
formance appears to be universally good, independent of the display configura- 
tion. (Sec figs. 11(a) through 13(d).) Statistical data were computed from 
the vertical deviation errors at the t’OP and OOP 2 waypi'ints, the 1X/|7 Inter- 
mediate b-nm fix, the MLS localizer intercept, and at decision height. The 
mean and two-sigma standard-deviation vertical-performance windows are sum- 
marized In table 1 for the four display modes tested. 

The two-sigma vertical-performance windows are well within the display 
limits provided by the VDl for all tour display configurations. 


ATC PROCEiniRRS 


I land 1 He 1 iyniyit er j-iL I.G. Add! Lion to Co nveui ional T r affi c 


Observations and Controller Evaluations 

Qualitative data were obtained from controller-written evaluations and 
by observing the controlXer activity during the course of the experlmont. 
Copies of the postrun and postexperlment questionnaires are given in appen- 
dixes B and C. 

T\^o rates of arrival were investigated for both helicopter and ClOL 
traffic. The CTOL rates were 30 and 35 a/c/hf. It should be noted that this 
rate refers to the arrival rate at the four CTOL feeder fixes combined, and 
it is not necessarily the touchdown rate. Controllers considered the CTOL 
arrival rate of 35 ;t/c/hr to be less desirable than the arrival rate of 
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(a) No map. 

Fipun* H.- Vei’tical traokinp porformance. 



(b) Map only. 
Flguve 13.- Continued. 
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Co) PiiBaivo CDTI. 
Figui’e 13.- Continued. 



(d) Active CDTI. 
Figute 13.- Concluded. 
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miU.E 3,-= VKRTICAl. Ain’ROAUU WiNIHWh* AT WAYTOINTH 
ANIi DECISION IIEIiUlT 


WAYPOINT 

NO MAP 

MAP DISPLAY 

PASSIVE CDTI 

ACTIVE COTI 


MEAN VERTJCAl. ERROR (JO 



40 

14 

23^" 

00 

lit 47 

n 

17 

?4 

1 

copa 

0 

0 

5 

2 

MLS INTERCEPT 

14 

13 

13 

-14 

OCGISION HEIGHT 

a 

. 13 

8 



TWO SIGMA STANDARD DEVIATIONS IHt) j 

GOP 

250 

111 

*"*''140'”""" 

104 

1x47 

ill 

120 

110 

103 

copa 

00 

70 

03 

77 

MLS INTERCEPT 

07 

07 

123 

80 

PEOISION HEIGHT 

30 

33 

40 

32 
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30 a/i*/hr^5 their evijluatlonH were haBed on B.it'ety, eapedltlmifuu»fif», orderll- 
ne»8, total workload, HtressiulneB^, Irustralum, and the Individual-workload 
eategorlefi of manual, vi«ual, mentai, and verhal, Thun, with respeet to the 
CTOI. arrlvalw, the dtlfleuXty of hondlintt traifi** wa« proportional to the 
traffic den«ity. In fjoing from the GTOL arrival ratt* of 30 to I5 a/e/hr, the 
controllttiH were resinlrcd to give a full Bet of veetv>r clearaneeg to five 
additional aircraft. AliO, )0 a/e/hr reprcBcnted a moderate traffic flow, 
wliereaB 35 a/e/hr wan o heavy arrival rate for the neenarlo elioeen and the 
number of contr»)llcrM avalluble. The two levela of helleoptcr traffic wore 
H hcllvOpterH/Ur and 15 hellctipterf/hr. However, exeept for BtroiefuluesB 
(the J.5 belli opter/hr race was rated more stressful), the two helleopter 
arrival raten were rated the aame. both rates (b and IS hellcopters/hr) are 
In tile low to moderate range and, therefv>re, oven at the higher rate It was 
not necesnary lor the concruUorB to portorm a spacing fimetlon, Blncc heli- 
copters were nominally spaced upon arrival and the arrival rntes did not 
require a fine tuning. The primary reason that the additlonol helicopter 
traffic did not overload the controller ms that each helicopter was on an 
RNAV and Ml.t5 approach and, therefore, vectoring was generally not required. 

It is interesting to note, tlmt, in an earlier helicopter IFR study (ref. 11) 
not uttllxlng UNAV and MLS, the conclusion was that, at arrival rates of 
d to (\ hellcopterH/Ur» the same controller could handle helicopter and fixed- 
wing traffic, but at arrival rates of 5 to IS helicopters/hr, use of separate 
controller positions was reconmiended. In this RNAV-M1.S oxperiment, the con- 
troller merely cleared the aircraft for an MLS b“ glide-slope approach via the 
{!OP route. Additional clearances were tlu? exception, net the rule. 

Thus, the controllers felt that they could luandle the helicopter traffic 
in addition to the conventional tratflc at either helicopter arrival rate " 
as long as no special problenui developed. One type of problem occurred when 
a CTOL executed a missed approach.* It left alone, and if there was helicopter 
traffic flying along the COl’ route, inadequate spacing resulted. Generally, 
the controllers did not disturb the helicopter traffic in auc.h situations. 
Instead, tlie missed-approneh aircraft was assigned a higher (conflict-free) 
altitude and/or was directed around the helicopter traffic. 

The exact division of controller responsibilities was as follows? the 
approach controller was responsible for all helicopter traffic from feeder-fix 
departure to touchdown, and he was Iso responsible for the missed-upproach 
CTOL aircraft, The controllers felt that it would be easier for this one 
controller to coordinate any problems due to .i CTOL missed approach. However, 
at the completion of the study, controllers* i»pinions were divided v^lth 
respect to how the helicopter traffic should Ue handled in actual terminal- 
area Operations. One controller felt that the final controller for die CTOL 
traffic would also have to control helicopter approaches to the pad because 
of proximity of the pad and the runway. Another controller felt that a 


^It should be noted that all runs discussed in this context had both 
helicopter and fixed-wing traffic. Thus during operations at 30 a/c/hr and 
35 a/c/lir there was also b helicoptcr/hr traffic. Similarly, during the 
H helicopter/hr and 15 helicopter/hr opei'atlons there was also 35 a/c/hr 
fixed-wing traffic. 
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6t‘parace heltcoptci’-contcol position would be established in real-world opera- 
tions and that coordination between helicopter and CTOL positions would not 
be a problem. Obviously there are still questions relating to the controller 
procedures that need to be resolved, even though the controllers in this study 
felt that they viere able to handle the helicopter traffic in addition to the 
CTOL. 


System Operation and Airspace. Usage 

Table 4 ahows a comparison of the operations at the two CTOL arrival 
rates of 30 and 35 a/c/hr, It provides the average time in the system of an 
aircraft as a f-jnetion of the CTOL arrival route and the total number of 
clearances issued. The time in the system for a given aircraft is the time 
from feeder-fix departure until touchdown. As can be seen, for the Ellis 
route the average times for both arrival rates were about the same. However, 
for the other three routes, the extra time in the system caused by the heavy 
arrival rate averaged from 31 to 103 sec. This extra time in the system 
translates into extra fuel used. There is also extra controller workload, as 
can be seen in table 4. The total number of clearances Issued by the con- 
troller in the 70-mln data run Is given, averaged as a function of the two 
arrival rates. There Is a 15% Increase in workload for the heavy arrival 
rate, as measured by the following controller clearances: heading, speed, 

altitude, and cleared for approach. 

In order to investigate the extent to which the helicopter traffic inter- 
feres with the conventional routes, a series of composite plots of airspace 
usage were drawn. They are shown in figures 14(a) through 14(c). Figure 14(a) 
is a composite plot for all runs for which the CTOL arrival rate was 30 a/c/hr 
and the helicopter arrival rate was 8 helicopters/hr. It was obtained as 
follows: For each aircraft, an x-y plot was drawn. The individual x-y plot 

shows the trajectory that the CTOL aircraft followed from feeder-fix entry 
until touchdown on the runway. (It should be noted that missed approaches 
have been excluded from these plots. As mentioned when discussing controller 
comments, the point at which interference might have occurred without con- 
troller intervention was when a CTOL executed a missed approach and had to 
cross the COP route. This interference was easily avoided by the controller.) 
Figure 14(a) represents the envelope of all the individual x-y plots for this 
CTOL arrival rate. Hence, the enclosed area is the total airspace required 
for all the CTOL aircraft from feeder-fix entry to touchdown. Also shown on 
this composite plot is the airspace used for the helicopter route, COP. As 
can be seen, for the helicopter traffic there is minimal deviation from the 
RNAV and MLS routes. There is a region where CTOL and helicopter horizontal 
paths overlap, but in this case there is a vertical separation of at least 
3000 ft between the helicopter and the CTOL aircraft paths. Thus, the nominal 
helicopter route is independent and noninterfering with the airspace required 
by the CTOL traffic for the 30 a/c/hr arrival rate. Two additional composites 
are shown in figures 14(b) and 14(c); figure 14(b) shows a composite for a 
CTOL arrival rate of 35 a/c/hr and a helicopter arrival rate of 8 hellcop- 
ters/hr, and figure 14(c) shows a composite for a CTOL arriva] rate of 
35 a/c/hr and a helicopter arrival rate of 15 helicopters/hr . The results 


25 


TABI,E 4.- COMPARISON OF ATC OPERATIONS AT 30 AND 35 A/G / HR 


CTOt 

ARRIVAL 

AV. TIME IN SYSTEM / A/C, 19C 


TOTAL NO, CLEARANCES/RUN 

RATE, 
A/C /hr 

ELMS 

ROBBINSVILLE 

SATES 

MICKE 

HEADING 

SPEED 

ALTITUDE 

CLEARED 

FOR 

APPROACH 

30 

1033 

1087 

708 

691 

125 


106 

79 

35 

3G 

1030 

1190 

742 

722 

142 


134 

86 

44 

DIFFERENCE 

-3 

103 

34 

31 

17 


18 

9 

9 


ELLIS 



(a) Airspace used for 30 a/c/hr CTOL arrival rate (8 helicopters/hr) . 
Figure 14.- Airspace-usage plots. 
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ELLIS 


MICKE 


NOTE: CTOLAND 
HELICOPTER REGION 
ARE ALTITUDE 
SEPARATED 




ROBBINSVILLE 



SATES 


(b) Airspace used for 35 a/c/hr CTOL arrival rate (8 helieopters/hr) . 

Figure 14.- Continued. 


ELLIS 



(c) Airspace used for 35 a/e./hr CTOL arrival rate (15 helicopters/hr). 

Figure 14.- Concluded. 
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ace the .‘same as foi the 30 a/c/hr case discussed previously; namely, there is 
no intesM'orence of ihe helicopter path in the CTOL airspace. 

A comparison of the composite, regions reveals another interesting fact, 
as ohovm in figure 15 by the superposition of the three composite regions. 

It is clear that the rogloiiK are quite similar regardless of arrival rate. 
Thus, even though the higher arrival rates represented additional aircraft 
for the controllers to handle, they did not result In a widening of the air- 
space required. Controllers were able to process these aircraft, and their 
comments Indicated that, even though they felt the pressures of the, extra 
traffic, the extra traffic did not result in a need to stretch the aircraft 
paths or intrude into the helicopter airspace. 


Redu cing Minimum Separation for H elicopters 

As mentioned earlier, another objective of the study was to investigate 
higher traffic rates, merging situations, and lower minimum separations for 
the helicopter traffic; however, it was not possible for the controllers to 
cope with these situations and still handle a full complement of CTOL traffic. 
Hence, a dual-helicopter route, structure, shown in figure 5, was set up. The 
combined arrival rate at the feeder fixes was 35 helicopters/hr, randomly 
distributed equally between the two fixes. Two minimum separation distances 
were used, the standard 3 nm and a reduced separation of 1.5 nm. No CTOL 
traffic was considered. 

The controllers rated the 1.5-nm traffic spacing consistently less 
desirable in all categories: safety, oxpeditiousness, orderliness, total 

workload, stressfulness, frustration, and manual, visual, mental, and verbal 
workload. Basically, it was a more difficult task to control the greater 
number of helicopters that resulted from the 1.5-nm separation. The most 
difficult aspect of the spacing control seems to be the process of properly 
spacing the helicopter intrail so as to achieve the minimum spacing on final 
approach. At the completion of these test runs, the controllers were still 
not comfortable with the 1.5-nm separation. Their evaluations indicated that, 
with appropriate training, a 2-nm minimum spacing would probably be acceptable. 

Five of the evaluation pilots felt that they could handle a reduced sep- 
aration distance when flying at 60 knots on a 6° glide-slope approach. (See 
fig. 16.) Based on responses to a question concerning reconmended spacings 
behind specific helicopters, the recommended minimum spacings ranged from 
1 to 2 nm. Two pilots felt that there were too many variables and unknowns 
(e.g., wake turbulence) to make any recommendations. The remaining pilot 
recommended a minimum 3-mn separation when behind light to medium helicopters 
and a 4-nm separation when behind heavy helicopters. 

A comparison of operations with 1.5-nm and 3-nm spacing is given In 
table 5. In the table are compared the average time in the system along the 
COP and LISF. routes (the time from feeder-fix departure until touchdown) , the 
halt time (the total time pur run in minutes and seconds that the arrival 
flow had to be delayed before departing from the feeder fix) , and the total 
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AIRSPACE USED 

• CTOL 30 A/C / HR HELIC 8 A/C / HR 

• CTOL 35 A/C / HR HELIC 8 A/C / HR 

• CTOL 35 A/C / HR HELIC 15 A/C / HR 



SATES 


• FEEDER FIX 

Figure 15.- Composite of airspace used. 
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Fiiu'VG 16.- Closest acceptable spacing. 
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number of ATC- transmit ted clearanecs pur run (e.R*, beading, speed, altitude, 
and cleared for approach). At the given arrival rate of 35 hellcopters/hr, 
there were more feeder-fix arrivals than the controllers could handle. The 
controllers were instructed to halt the arriving helicopters at the feed-. - 
fix rather than to handle the extra aircraft by various path-stretclilng 
maneuvers. The results in table 5 indicate that a significant benefit is 
gained when the 1.5-nm minimum separation is used under these test conditions. 
First, the average times in the system along either the COl’ or the LEE route 
Indicate less delay within the system when the separation was lower. (It 
should be noted that these delays occurred after feeder-fix departure rather 
than at the feeder fixes because the need to halt traffic was recognized only 
after there had boon some traffic buildup. The coiurollers' ability to 
anticipate this buildup did improve as the experiment progressed.) Another 
benefit gained by using the 1.5-nm minimum separation was that, at the 3-nm 
separation, the arrival-traffic flow had to be stopped for 22.68 minutes in 
a 70-minute run, 15.3 minutes more than when the minimum separation was 1.5 tim. 
The system delays and feeder-fix delays result in a much larger fuel usage for 
the 3-nm case. However, the controller workload is Increased in the 1.5-nm 
case, as evidenced by the total number of clearances/run in table 5 and by the 
controller evaluations discussed earlier. Hence, there are distinct fuel 
advantages to lowering the minimum separation, but at the same time it leads 
to additional workload. However, as indicated previously, the controllers 
felt that, for a 2-nm minimum separation, the extra workload could be accom- 
plished without compromising safety. Thus, since it appears that safety is 
not compromised and that delays can be decreased under heavy traffic condi- 
tions, a lower minimum-separation distance for helicopters should be 
considered . 


UTILITY OF CDTI 


In order to get initial data for future studies, some runs were made to 
investigate various active CDTI maneuvers. Finding a useful active CDTI role 
that enhances safety is an open question. Such a role, if found, must show 
increased safety compared with a nonactive role. As previously mentioned, 
three active CDTI maneuvers were considered; intrail spacing, merging, and 
route crossing. Since the number of runs was limited, no definitive conclu- 
sions are drawn. However, pilot and controller comments were considered, and 
some quantitative data are presented. 

As previously noted, three aircraft would be displayed on the CDTI if 
they were within a horizontal distance of 10 nm and a vertical distance of 
2000 ft. Six pilots recommended that "no change" be made to the three-aircraft 
advisory limit or to the dimensions of the advisory airspace. Two pilots indi- 
cated that they would like to see more than three aircraft, and one pilot indi- 
cated that he would like to see "as many as required" to protect the "safe" 
advisory area, which he recommended to be "5-nm range and 200-ft altitude." 
Another pilot recommended changing the vertical advisory altitude to "within 
500 ft," as opposed to the 1500-ft test condition. 
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Five pilots indicatod tltaC they found the ODTI display format "easy to 
read, and useful lor traffie separation." One of tliese pilots commented that 
tlie display beeame "diffleult to readi but useful for traffie separation" 
when it was superimposed on waypoint information. Two other pilots rated the 
display as "dtffteuU to read, hut useful for traffie separation," while the 
remaining pilot rated it as "difficult to read, and not useful for traffic 
separation." The latter pilot did indicate, however, that "witli more use, it 
could have been more effective." 

Four pilots indicated Lluit they would like to see frend vectors for the 
advisory aircraft. One pilot commented on tlie desliMbillty of adding a 
proxlmlty’'warnlng device that monitors the elosit»*e rate of ocher aircraft and 
provides advance warning for potential midair-collision situations. Another 
pilot suggested tl»e use of "degree of threat symbols" for Cl»o aircraft 
advisories. 

In gener.il, the evaluation-pilot comments indicated aecoptance of the 
CDTI in both the active and the passive inodes. One pilot commented Chat the 
COTI would also he very useful during Visual Fllglit Rules (VFR) procedures 
because it provided a clear Indication of the pi’oxlmlty of adjacent aircraft. 
Several pilots indicated that the display would be a great asset in collision- 
avoidance advisories. ()n two different occasions, pilots conducting t'DTl 
approaches in the passive mode noticed tliat potentially dangerous closing sit- 
uations were developing and contacted the ATC controller for assistance. 

Pilot coiranents regarding the CDTI display foi-mat used In this experiment 
were very favorable. The display provided the pilots with a clear indication 
of their position during the approach and the relative positions of adjacent 
aircraft. The display did appear cluttered, however, when the aircraft sym- 
bols overwrote the navigation or terrain symbols (l.o., RNAV waypoints, 
terminal-area information, etc.). Masking, or a "moving shadow," which moves 
with the aircraft symbols to temporarily block out the display areas being 
overwritten, would eliminate this problem. Varying the display Intensitv 
and/or using color displays might also lieip reduce the magnitude of this 
problem. 

For the passive CDTI mode, controllers did not notice any difference in 
pilot behavior as compared with pilot behavior during runs without CDTI , 
except for queries to verify the position of nearby al-craft. 

In the active mode, when tlie pilots assumed some responsibility for sep- 
aratioi; normally performed by the controllers, (he controllers were mixed In 
their reactions to the use of CDTI. One controller felt that CDTI was advan- 
tageous in maintaining separation. Another felt Just tlie opposite; namely, 
that CDTI would result in an increased workload and a more difficult Job 
because of "second-guessing" by the pilots. The controllers closely observed 
the. simulated helicopters on their screens. Tliey rated the pilots performing 
the active CDTI roles a.s follows: Intrail spacing good; mei’ging — fair to 

good; and route crossing •=“ fair to good. 

The active CDTI maneuvers were conducted on or near the COP route. For 
the Intrail-following maneuver, first a lead helicopter was established on 
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tiu? (H)l’ rcmtu. Soon ul’tti.* tlio pllotoU liolicopuu* ulmulator dopartiHl irom the 
feeder fix, the eoiuroUer eontneted the pilot to verliy that he had the lead 
aircraft in sight. The pilot wan then cleared to follow the lead aircraft 
and to iiuiintaln the appropriate separation distance. It was the responsibll- 
ity of the controner to nmulle the aircraft that lollowed. Figure 17 shows 
the helicopter simulator on the COP route wltli a lead aircraft denoted 1.1 and 
a following airtn*aft denoted FI. Also shown are two typical plots of the 
separation distance as a function of time, The upper plot is the separation 
distance between the heliceptcr simulator and aircraft LI. It should be 
noted that the distance plotted Is the horizontal separation distance between 
helieopcers leather than the distance along the route. The plot shows that 
when the helicopter simulator departed from the feeder 1 lx It was about 5 nm 
from aircraft LI, and the pilot gradually decreased this distance to n little 
less than 1 im by the time the lead aircraft landed. The lower plot is the 
separation distance between aircraft FI and the helicopter simulator, (it is 
plotted for negative values in orde,r to avoid overlap with the upper curve.) 

The Initial separation was about 0 nm when FI departed from Cite feeder fix, 
and the controller decreased this distance to 1 nm by the time the helicopter 
simulator reaclu’d the landing pad, This procedure w,is tollowed eleven times 
in the simiilation, and the average minimum separation distance between the 
helieoptor simulator and the lead aircraft was 2.Hfa nm. The minimum sopara'* 
tlon distance ranged from 2,/il nm to l.Ol nm. Ic should be noted that the 
only Indicator of separation distances Wi)s visual observation of helicopter 
positions displayed on the C.DTI. 

The second maneuver accomplished using the CDTl was the merge. Figure 18 
shows the holieopter stmuJntor flying along the missed-appi'oaclr route with two 
aircraft flying along the t’OF route. These helicopters arc denoted 1.2 for the 
lead irircraft and F2 for the following aircraft. After a controller clearance, 
it was the helicopter pilot's responslb I ' Ity to merge hack onto the COP route 
behind ait era ft 1,2. The figure slun^s the separation distances as funetlons 
of time for the helicopter simulator and 1,2 and F2. The separation distance 
l)etwecn the helicopter simulator and 1.2 reaches a minimum of 2.20 nm, which 
is indeed typical of the average of 2,26 nm for thirteen such runs. This 
separation distance is lower than the desired minimum separation of 3 nm. 

Part of the reason for the consistently lower separation distance is chat 
merging is a more difficult maneuver to perform than intrail spacing. It is 
obviously a demanding task to Judge what the final separation distance will 
be after a curved flightpnth is flown. It probably would be helpful to the 
pilot to provide some kind of range markings on the CDTl so that he might 
better gage his separation distance. Obviously, additional studies are 
required under various geometries, relative speeds, CDTl data displays, etc., 
before definitive conclusions can be drawn. 

Tlie final maneuver perfoi*med was a route-crossing maneuver. The heli- 
copter simulator was directed off the COP route and the pilot was instructed 
to cross the COP route between two aircraft flying along the route. Typical 
geometry is sho\m in figure 19. The data collected on this maneuver are 
limited because it was run only five times. It seemed to be difficult for 
the pilots to anticipate the crossing-maneuver requirement. (lenerally, they 
handled the maneuver as shown In the figure; namely, they essentially merged 
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21 
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Figun* 1/.- Separation distanoo I'or liUiall~8pai'iiH» maneuver 


HELICOPTER 



Figure 18.- Separation distance for merging maneuver. 



HELIPAD 



FI 


TYPICAL PATH OF 

INITIAL GEOMETRY HELICOPTER SIMULATOR 


Flrtiu't* 1‘).- Houtu>"t«rosHiug mantHJVtn’. 



wUh tlu* (’OP routi' uo ihat tlu*y wei« iipprivpridtoiv apai’i .1 behiiul the h‘.ul 
aJrciraftj ami Uu>n m.Mk' a rlp.ht rum ufl chi' roufis Inpnm'ionitfl could prob- 
ably be madv* by Hllr,htly inercaBlnK the apai Ing between the two inivall air- 
craft, by provtdturt comjmter .isststtfi, or bv providing tor additional pilot 
praetiee. 

The pilots Hoevesfilully completed all the CPU act ive-t«o>ie proeedurenj 
however, the required separation was not maintained during evt ry approaeh. 

The luek of a radial-range tteale emanating from tlu* nymboi, which repr»*Benicd 
the position of tl»e helicopter, w.is a contributing, iaecnr in the reduced- 
separation problem. Anv»ther contributing factor vmo the multiple scale fac- 
tors used for tin* display. The R.MAV route f.cale of the elecUonlc area-nwp 
display was 1 inch » ?. nm; however, since thlf) tuale dJ»! not permit detailed 
information of the terminal .trea, the scale was .lutomnt scally changed ai the 
intermedia te-Hogment wayp<ilnt inteivept to I inch » 1 iwi, I*v.»tuation pilots 
occasionally overlooked the change ol scale during sevetal CDTI active 
approachcB, and this ovcrsiglii also contributed lo the i educed-separation 
problem. The radial-range scale sugg.ested prevloiuily wmild al‘u» help this 
situation because the range Indicator would be chantpl to be .ouBlstoni with 
the scale of the area-map display. The velocity InfmimMlon loncernlng, the 
CDTI trafllc was used viry ciicctlvely by the evaluathm pilots. Wren a lead 
aircratt reduced its speed, the evaluation pilotfi uot»d the cliange on the 
display and reduced the e,peed of the lu'llcopter {ilmilati r to luintain separa- 
tion, In general, the pilots maintained th** rciiuired siparathm very well 
during most of the .ipproaches, 

The active CDTI teBls demonstrated a reaflon.ihle set of procedures that 
might be accomplished by the pilot using the CDTI. At no tlnu* was there any 
ambiguity with a’ospect to the pilvUs' and CAvnirollers* tesponHibllltien. 
Furthermore, it was always clear to the helicopter pilot which helicopters 
on his CDTI were involved in the maneuver. The int i-all-spaclug maneuver was 
performed most accurately. The raerg.lng mam uver was moic dlttlcult; the 
pilot performance would improve If range sepirat1<m were quant Itatlvely dis- 
played. The ci*ossing maneuver was diffleult wlnm spacing, between the heli- 
copters was near b nm. If inf tic eonditions permit, it is piefer.able to 
delay and cross the rv>ute. alter botdi helicopters have passed. Obviously, a 
mare eompleto series of tests lor each of tie se maneuvers is ueaessary. In 
addition, whether or not coutroUers can ofii tively manage the situation 
when many helicopters are sinmltnncously pert arming active CDTI maneuvers 
remains to be seen. 




Pilots gave satlsfaetory ratings to the helicopter approaches. They 
preferred the increased display capability o! the MFD, despite some Increase 
in workload necess.iry to monitor the display. 

Because all helicopters were UNAV and Mi l? equipped and consequently 
followed the assigned route closely, the controllers could handle moderate 


3b 


Iiflifuptor tr.iCflt* (1*) hi*llin*jiti*r!i/hr) tu aildUion ta fixod-wlng irafflt.' 

liHUl without vlUliouUv. 

PreciHO RNAV appi’oadu'H for lioliooptoru in unuHod airspaoe provide the 
meaiw far operating tixed-wing and lielleopter traflie in an elfieleiu, non- 
interaetlng manner at mjor terminal areats, 

PilotH and eoni rollers reeommended a redueed minimum separation for heli- 
eopter operations, although it was noted that elosei spicing Increases con- 
trolier worhloadi Under saturated conditions, delays can be. reduced consld- 
eiahly by reducing the separation minima. 

Finally, the initial examination of UDTI with bi>tli pilott; and controllers 
participating indicated good perlornuinee ior intisill-spacing and merging 
maneuvers. Tlie study also reveaied the complexity ol the problem of releasing 
control of some aireralt while retaining It Cor others, within the. same air- 
sp.UH*. With the limited data taken, some trends are uiscernlhie, but detlni- 
tive conclusions cannot he drawn, In view of the apparent potential of CDTI, 
further experiments on this concept are hlglily recommended. 
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APranix A 
PII.t)T JiUKHTH^Wip 

.HUNT NAHA/FAA UUUCOPTER ATG HimiHATION 


PlUVr tiUEBTIONNAIRE 


B i> i e f i 

I, Thu briefing you rutiiivud on tost procedures wass 

Adequate, Not Adequate. 

If not adequate, indicate the urea which was not clear. 


The training you received on the simulator prior to actual dwta cjollec- 
tion test runs waoi 

Sufficient, Suffielunt. 

If not mitflcient, indicate additional training you would have required. 


Pilot workload and tracking precision are closely related to the Course 
Deviation indicator (GDI) and Vertical Deviation Indicator (VDI) Display 
SensitivittcR. A high display sensitivity Induces high pilot workload as 
sir'ill deviations about the reference flightpath results in relatively large 
needle deflections of the CDI/VDI guidance indicators. A reduction In the 
display sensitivity will result In a corresponding reduction In pilot work- 
load; however, airspace requirements Increase as the less sensitive di lay 
permits greater deviations about the desired flightpath , Display sensitivi- 
ties which provide minimum airspace requirements consistent with reusvHtable 
pilot workload are considered optimum. 

3. Rate the suitability of the GDI and VDI sensitivities used during the 
simulation tests by filling out tables I and II below. Use the Sultabil 
ity Rating Seale and the Sensitivity Recommendation Seale shown below 
for your numerieal rating. 
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Tablo I. GDI SonsitivUy 


.Suitability Sonsltlvitv 

Roting Recommendatton 

RNAV Segments 

boeali/.er Intercept 

Locallxur Tracking 

Table II. VDI Sensitivity 

Suitability Sensitivity 
Rating Recommendation 

RNAV Segments 

Glide Slope Intercept 

Glide Slope Tracking 

Suitab ility Rating Scale 

1. Acceptable, and relatively easy to fly. 

2. Acceptable, with reasonable effort. 

3. Acceptable, but r ildly difficult. 

4. Marginally acceptable, and very difficult. 

5. Unacceptable, almost impossible to fly. 
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/*, Any other comments on GDI sensitivity? 


5. Any other comments on VDI sensitivity? 


CRT Display oC RNAV Routes 


6. During the RNAV flight phase, the RNAV display had the following effect 
on pilot workload and tracking precision. 


Pilot Workload 
Reduced pilot workload. 

No effect. 

Increased pilot workload. 


Tracking Precision 
Improved tracking precision. 
No effect. 

Decreased tracking precision. 


7. During the MLS final approach flight phase, the RNAV display had the 
following effect on pilot workload and tracking precision. 


P ilot Workload 
Reduced pilot workload. 

No effect. 

Increased pilot workload. 


Tracking Precision 
Improved tracking precision. 
No effect. 


_ Decreased tracking precision. 


8. During the missed approach phase, the RNAV display had the following 
effect on pilot workload and tracking precision. 


P ilot Workload 
Reduced pilot workload. 

No effect. 

Increased pilot workload. 


Tracking Precision 
Improved tracking precision. 
No effect. 

Decreased tracking precision. 
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9. The RNAV display format wasj 

Easy to read, and easy to use for guidance. 

Easy to read, but difficult to use for guidance. 

Difficult to read, but easy to use for guidance. 

Difficult to read, and difficult to use for guidance. 

10. How would you change the format to improve it? 

11. Would you recommend that tlie weather/mapping r.adar display in helicopters 
be utilized to provide RNAV route displays? 

Yes. No . 

12. Any other comments on the RNAV route display? 


Cockpit Display of Traf f ic In forma tion (CDT I) 

13, Tlie CDTI advisories were limited in the siiuulation to the three nearest 
aircraft. Would you recommend: 

More advisories; if so, how many? 

No change. 

_____ hess advisories; if so, how many? 

lA. The CDTI advisories were given for aircraft traffic which was within 
^40,000 ft (6.6 nm) range and 1,500 ft altitude from your helicopter. 
What CDTI traffic advisory range and altitude do you recommend? 

nm range. ft altitude. 

Should closure rate also be a criterion? If so, how much? knots 
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15. Tho CDTI display format was; 


_ Easy to read, and useful for traffic separation, 

Easy to read, but not useful for traffic separation. 

Difficult to read, but useful for traffic separation. 

„ Difficult to read, and not useful for traffic separation. 

16. What additional information would you like to see displayed in the CDTI 
format (for example, "trend vectors")? 


17. Any other comments on the CDTI display? 


Pilot Workload 


18. Rate the overall pilot workload of each of the following phases of the 
test runs. 

Low Slightly Average. .Slightly High 
Low High 

A. RNAV Pliase 

B. MI.S Approach 

C. Missed Approach 

19. Would use of a flight director have significantly reduced pilot workload 
during any of the following phases? 


A. 

RNAV Phase 

Yes. 

No. 

B. 

MLS Approach 

Yes . 

No. 

C. 

Missed Approach 

Yes . 

No . 
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V llghl: Profllo. and Procedure H 

20. Was the 6 degree glide slope used for the MLS approach in those tests; 

Acceptable. Unacceptable. 

21. What glide-slope angle do you recommend as the optimum glide-slope angle 
for an IFR helicopter approach? 

degrees, single piloted. degrees, dual piloted. 

22. Was the 200 ft decision height used for the MLS approach in these tests: 

Acceptable. Unacceptable. 

23. What do you feel should be the decision height for a 6 degree IFR MLS 
helicopter approach? 

_____ feet, raw data, single piloted. 

_______ feet, raw data, dual piloted. 

feet, flight director, single piloted. 

feet, flight director, dual piloted. 

24. What airspeed did you prefer for the following segments: 

____ knots, RNAV Phase. 

.cnots, MLS Approach. 

_____ knots. Missed Approach. 

25. Did you feel that a deceleration while still IMG was necessary prior to 
decision height? 

Yes. No. 

If yes, indicate the altitude at which the deceleration was initiated 
and the airspeed decelerated to at decision height: 

ft altitude. knots at decision height. 
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26. Evaluate the following distances; 


A. Between RNAV waypoints. 

Too Long. Satisfactory. Too Short. 

B. From COF-2 to MLS Intercept; 

Too Long. Satisfactory. Too Short. 

G. From MLS intercept to touchdown (2 nm) . 

Too Long. Satisfactory. foo Short. 

Any other comments on route structure? 


27. Was there sufficient distance to establish localizer tracking prior to 
glide-slope intercept? 

Sufficient. Not Sufficient. 

If not sufficient. Indicate distance required between localizer and 
glide-slope intercept. 


nm. 

28. Were you satisfied with the RNAV to MLS transition used during these 
tests? 


Satisfactory. Needs Improvement. 

If needs improvement, explain. 


29. You are flying a UH-IH on a 6 degree IFR MLS approach to JFK airport. 

What is the closest distance (spacing) you would accept on the approach, 
were you to follow: 

nm Jet Ranger, BO-105, Gazelle. 

^ UH-IH, Bell 212, Sikorsky S-76. 

nm Sikorsky CH-53, Boeing-Vertol Chinook, 
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30. Fur thesu tusts, the approach ground plane intercept (GPl) was located 
100 feet in front of the landing pad. This dlsianeo for deceleration 
and flare prior to landing on the pad was; 

Sufficient. Not Sufficient. 

II not sufficient, what distance do you feel Is required? 

feet in front of the landing pad. 


S iinu la t Ion JUj.1 e 1 1 t_y_ 

31. The, helicopter simulation fidelity to the UH~111 handling qualities was: 

Good. 

. Satisfactory. 

, 

Not familiar with actual UH-IU handling qualities. 

32. Wuit, if any, were the main simulation fidelity deficiencies? 

33. Evaluate the Ull-lll simulation liandlinR qual ities as they affected your 
performance during the simulation tests. 

Became rapidly familiar. Little or no effect on perforiiiance . 

Took awhile getting used to. First few approaches were difficult, 

thereafter experience helped to Improve performance. 

Nt'ver really got used to simulator. Entire set of approaclies was 
very difficult due to unfamiliarity with handling qualities. 

34. Evaluate the sim ul a tion Instrument panel configuration as it affected 
your performance during the simulation tests. 

Became rapidly familiar. Little or no effect on performance. 

Took awhile getting used to. First few approaches were difficult, 
thereafter experience helped to Improve performance. 

Never really got used to Instrument configuration. Entire set of 

' approaches was very difficult due to ut.famillarity with instrument 
panel configuration. 
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General ConiiiGucs 

35. Please comment on any aUdluional aspecu if the tests you wish. 
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JOINT NASA/FAA HELIGOin’ER ATC SIMUUTXON 
SUBJECT PILOT QUALIFICATIONS 


NAME: 

AFFILIATION: 
ADDRESS: 
CITY; _ 
PHONE: 


STATE; 


ZIP: 


’^OTAL FLIGHT HOURS; 

TOTAL IFR HOURS: 

TOTAL HELICOPTER HOURS: 

HELICOPTER ACTUAL IFR HOURS: 

HELICOPTER HOODED IFR HOURS: 

BELL HELICOPTER EXPERIENCE: YES NO 

FAA HELICOPTER RATINGS: (Private, Conm, ATP, Inst) 


FOR SUCCESSFUL PARTICIPATION AS A SUBJECT PILOT IN THE ATC SIMULATION, I FEEL 
MY PREVIOUS PILOT EXPERIENCE WAS; 

More Than Adequate. 

Adequate. 

Less Than Adequate. 
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APi>ENl)IX B 

^ x.. .x. x;. 

CONTROLLER RUN EVAI.UATION SHEET 


X ^"TK'ixei-'.xssse xx x .--.; 


Name: 

Date: 




Run No*: 
Condition: 


SAFETY 

CommentK: 


(low) 


EXPEDITIOUSNESS (low) 

Conunents: 

ORDERLINESS (low) 

Conuiients: 

TOTAL WORKLOAD (low) 

Comments: 

STRESSFULNESS (lew) 

Conunents: « 

FRUSTRATION (low) 

Comments : 


'} \ L 


2 3 


feel 

In 

roierenco to this 

5 

6 

7 

(high) 





5 

6 

7 

(high) 


5 

6 

7 

(high) 





5 

6 

7 

(high) 





5 

6 

7 

(high) 


5 

6 

7 

(high) 



2, Estimate youi* v^^uil, verba l , mental, and manua l workloads separately for 
this run. 


MANUAL 

VISUAL 

MENTAL 

VERBAL 


(low) 12 3 4 5 6 7 (high) 

(low) 1 2 3 4 5 6 7 (high) 

(low) 1 2 3 4 5 6 7 (high) 

(low) 1 2 3 4 5 6 7 (high) 


3. Compared to the previous runs, this run was: 


a. 

Much easier than average 


b. 

Easier than average 


c# 

About average 


d* 

Harder than average 


e. 

Much harder than average 




APPENDIX C 

.:_js <s :v 53 .■ 

HELICOPTER ATC SIMUUTION 

. .i. :sr;3: -;3p- :«»,■.■ wae.'^ je «,. i 

PpSTt«PMrME?^r g)NTRtH ,LM 


1. In tho JFK scenario, the heXicopter traffic on the COP-2 route was 
hamlXed by the same controllers who handlcti the traffic to runway UR, 

A. Was It difficult to handle the additional traffic on the helicopter 
routes 

(1) Under moderate helicopter traffic flow? 

(2) Under heavy helicopter traffic flow? 

(3) When a :UR arrival executed a missed approach? 

(/() Because of the slower speeds of the helicopter traffic? 

Coiiuiient oa e.ich of the above, 

B, should the helicopter traffic be handled by a separate control posi- 
tion? Explain. If this were done, can you anticipate any coordina- 
tion problems between the helicopter controUor and the existing 
control positions at JFK? Explain , 

2. Was the airspace used by the pil oted helicopter reasonable? how about 
during the liellcopter missed appr*oach'r”17a8 there a noticeable change in 
the ability to track the nominal route when the pilot entered the MLS 
coverage? Explain. 

3. The Cockpit Display of Traffic Information (CDTl) was used only by the 
piloted helicopter (S19) to monitor its surrounding traffic, 

A. Was there any difference in the behavior of the S19 target during 
those runs? Explain. 

B. Based on observed beliavlor, if a large percentage of the aircraft 
were CDTl equipped# would this be advantageous to the controller? 
Explain. 

C. Speculate on the following: .Should controllers delegate some respon- 

sibility for longitudinal separation to CDTI-uqulpped aircraft 
through miniclearances, where the aircraft does some fine tuning of 
speed? 
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4. In some of the runs In the airport X configuration, the minimum separa- 
tion distance requirement for helicopters was set at 1.5 nm, 

A. Wlmt problems were encountered duo to tills reduced separation? 

B, Would a separation of 1 nm or 2 nm be acceptable? 

C. For lower separation minima, is a larger display magnification 
required? 

D, Would reduced separation minima bo more reasonable to implement if 
the alrcralt were CDTI equipped? 

5. Which control position was easiest to handle “ the approach or final? 

In each position, what percentage of your time was spent on the 
following: 

A. Monitoring aircraft position? 

1). Monitoring flight data cable? 

C, Oonununications with controller? 

D, GQiiununicatlons with controller assistant? 

E, Conunimicatlons with helicopter pilot? 

F, Leisure? 

G, Other? (please specify) 

6. Was it difficult to learn to operate the system? Please comment, Wliat 
aspects of the system were hardest to learn? 

7. What inodlficatlonB should be made to Improve the simulation facility; 

A. Additional data which should be added to the flight data table or 
placed next to the aircraft target? 

B. Additional features on the map? 

C. Wiot additional clearances would you like the pseudoalrcraf t to be 
able to respond to? 

Df Any changes to the communications system? 

E. Any suggestions with respect to layout of the facility? 

8. Please add any comments that will help evaluate the experiment that have 
not been covered in previous questions. 
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